Let A and B be rectangular matrices. Then A is orthogonal to B if
Introduction
Let (Fmxn, II . II) be a normed matrix space over F = IR or C. Suppose A, B E Fmxn. We say that A is orthogonal to B (in the Birkhoff-Iames sense [3] ) if IIA + p,B I I ?: IIAII for every p, E F.
The above condition can be interpreted in the context of approximation theory as follows. Suppose A E Fmxn is not in the linear subspace 1{/" spanned by the matrix B E F m xn. Then the zero matrix is the best approximation to A among all matrices in 1{/". In this note, we use some approximation theory and convexity results in matrix spaces to study orthogonality of matrices. Our results cover and extend those of other authors [1, 4] , We collect some preliminary results in Section 2, and use them to characterize matrix pairs which are orthogonal with respect to the Schatten p-norms in Section 3. In Section 4, we study orthogonal-matrix pairs with respect to operator norms and give a counterexample to a conjecture of Bhatia and Semrl [1] .
We always assume thatF m Xn is equipped with the inner product (A, B) = tr (AB*). This includes the special case when F nx 1 = F n and (x, y) = tr (xy*) = y*x. Denote by {e1, .. . , en} the standard basis for Fn , and {E11, E12, " " Emn} the standard basis for F m x n. Let Un (F) be the unitary or orthogonal group depending on F = C or IR.
For notational convenience, we always consider m x n matrix with m ~ n in our discussion; the case m > n can be treated similarly. 
We refer the readers to [6] for basic properties of the Schatten p-norms. Here we characterize A E F m xn which are orthogonal to a given matrix B E F m xn with respect to the Schattenp-norms. We shall use the basic fact that the dual space of (Fm xn, Sp) 
Furthermore, assume that rank (A) = k . Since tr (AF*) = SI (A), we see that 
J=1
Thus, /J-j T) j = 1 and x j yj = xy*, which is a contradiction. So, In general, we have (II) implies (I). In [1] , the authors conjectured that (I) also implies 
